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Purpose/Objective: Stereotactic Body Radiation Therapy 
(SBRT) is an increasingly used technique. Due to its particular 
characteristics, like precise positioning, complex planning 
techniques and high dose per fraction, a patient specific 
quality control (QC) is needed to ensure accurate treatment 
delivery. For this purpose a new spherical and homogeneous 
phantom was developed to encompass Gafchromic® EBT3 
radiochromic films in orthogonal directions, allowing 
simultaneous dose measurements in both planes. 
Materials and Methods: A spherical phantom built exclusively 
of poly(methyl methacrylate) (PMMA) was developed. This is 
an adequate material for this purpose due to its properties 
such as mechanical hardness and inelasticity, chemically 
stability, fairly approximation to water, among others. An 
almost complete spherical shape was created in a computer 
numerical control (CNC) machine from bulk material, with 14 
cm diameter and divided in four identical pieces. The only 
non-spherical part is the support appendix. The radiochromic 
film is positioned between hemispheres, resulting in an 
orthogonal disposal in coronal and sagittal planes. In order to 
determine the material factor scaling profile dose depth 
(PDD) curves were measured, allowing the subsequent 
radiochromic films dose cross-calibration. A reference 
irradiation plan with a previously known dose was delivered 
to the phantom. The same plan was created in the treatment 
planning system (TPS). The phantom Hounsfield Unit (HU) in 
the TPS was adjusted so that the calculated dose could 
match the measured one. Several SBRT treatment plans were 
measured using this QC system for validation purpose. The 
comparison between the calculated and measured doses was 
made using the gamma index criteria (3%/3mm) in an in-
house computational algorithm. These plans were previously 
validated by a QC commercial system (PTW PinPoint® 
ionization chamber and/or PTW Octavius® II). 
Results: The spherical shape revealed to be optimal for SBRT 
QC measurements because several non-coplanar irradiation 
angles can be used, maintaining a constant (93 cm) source to 
surface distance (SSD). The complete PMMA made phantom 
ensures the homogeneity of the QC system. In this way, 
calculation differences due to phantom heterogeneities are 
not an issue. For this phantom, and using the reference 
irradiation plan, the optimal HU value achieved for the entire 
PMMA phantom was 190. The passing rate for the gamma 
index criteria of the analysed SBRT plans was >95% for the 
total point analysed, for both coronal and sagittal planes. 
Conclusions: A simple, easy-to-use and functional phantom 
was developed, resulting in a suitable phantom/radiochromic 
system for SBRT plan dose QC. With a single irradiation, dose 
distribution in orthogonal planes is obtained, as well as a 
higher dose spatial resolution compared to the commercial 
system.  
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Purpose/Objective: The aim of this work is to present a 
comprehensive QA phantom for pencil beam scanning (PBS) 
proton therapy systems that is suitable for daily QA dosimetry 
verification using a combination of commercial devices. 
Materials and Methods: The devices used to build the QA 
phantom were the following: A multilayer ionization 
chamber(MLIC, Giraffe, produced by IBA-dosimetry). Giraffe 
has 180 chambers with a pitch of 2mm water equivalent 
thickness. A Strip chamber (MiniQ-STRIP, produced by 
De.Tec.Tor) with two anodes segmented in 127 strips of 1mm 
width and a total active area of 12.7×12.7 cm2. A 2D detector 
array of (MatriXX-PT, produced by IBA dosimetry) with 1020 
ionization chambers, a resolution of 7.62 mm and an active 
area of 24.4 x 24.4 cm2. A custom table of wood shaped to 
place all 3 detectors on top of the treatment table as a sort 
of overlay. A trolley to put all ancillary devices (power 
supply, lan connection, etc.). A laptop computer with all the 
software for data acquisition and analysis. The use of the 
treatment control system together with the radio-oncology 
information system Mosaiq® (Elekta) to move the QA 
phantom from outside the treatment room in predefined 
positions and to acquire data with the different detectors. 
The parameter acquired with this arrangement and their 
relative tolerances for daily QA are: 
Range of pencil beams with five different energies (±2mm in 
range). Spot size, shape (asymmetry and reproducibility of 
sigma ±10 %) and position (±1mm). of pencil beams. Dose of 
pencil beam fields (±2% ). With the same phantom it is also 
possible to check the position of the lasers, the beam versus 
X-Ray alignment and the precision of table movements. 
 
 
Results: In the first 4 months of data acquisition (about 100 
days of daily QA repetitions) with this phantom the measured 
parameters from our first PBS Gantry room were always 
inside the tolerance. The time required for dosimetric daily 
QA is less than 1 hour. During this period we never had 
reliability problems with the phantom. 
Conclusions: The system allows accurate and reliable 
measurement of the beam parameters, even beyond what is 
strictly needed for daily QA. Future efforts will be aimed at 
reducing the time needed for the procedure and to assess 
whether the same results can be obtained with less expensive 
devices, thus allowing the development of a 
duplicate/backup device. In any case this multipurpose 
dosimetry phantom will likely remain as reference system. 
   
 
 
 
 
